Subclinical hypothyroidism (SCH) can negatively affect cognitive functioning. This study aimed at correlating serum T3, T4, TSH with adolescent's performance on a learning disability scale. Methods: A cross-sectional study was conducted on 100 schoolchildren, (10 -15 years). Thyroid hormones were estimated and classified into two groups: euthyroid and subclinical hypothyroid. NIMHANS index for Specific Learning Disabilities was used to assess the learning ability and cognitive functions. Results: Subclinical hypothyroid group made more mistakes than euthyroid group. In SCH male group, T3 correlated with language and T4 levels correlated in all areas except in language. In the females, there is no significant correlation between T3 and ability parameters except in partial correlation coeffeicient among euthyroid children in arithmetic, visual-motor skills and memory. T4 results did not correlate in language skills. There was a statistical significance between T4 and ability skills in girls except in language. TSH and language skills correlated in females. Conclusion: T3 and T4 levels have correlation with cognitive skills other than TSH. It is necessary to measure both T3 and T4 in addition to TSH in adolescents.
Introduction
Subclinical thyroid disease is characterized abnormal thyroid stimulating hormone (TSH) levels in presence of normal total of free thyroxine (T4) or triiodothyronine (T3) [1] . Its clinical significance has been widely debated and frequently encountered. There is no presently accepted protocol present for treatment of these patients. Studies [2] - [4] , show that subclinical hypothyroidism (SCH) can negatively affect cognitive functioning. Academic performance being the prime focus of adolescents, it is important to evaluate cognitive functioning in SCH adolescents. Few studies exist on the correlation of thyroid hormone levels and cognitive function in SCH adolescents [5] [6] . This study aimed at correlating serum T3, T4, TSH with adolescent's performance on a learning disability scale.
Methods
A cross-sectional population based study was conducted on 100 schoolchildren of the age group 10 -15 years studying in one school in Bangalore with similar socioeconomic status and financial background. Based on the (Mean = 10.32, Standard Error = 0.16) findings in a study carried out by [6] Wu et al., with an alpha error of 5% and desired power of study at 80% the required sample size worked out to be 9 subjects in each group. It has also been reported that the prevalence of subclinical hypothyroidism in South India is around 9.4% [7] . Thus in order to obtain the required number of children with subclinical hypothyroidism minimum of 100 children need to be screened. The above sample size was calculated to be sufficient to estimate differences in the language abilities of children also.
Children with history or suffering from Diabetics, epilepsy, anemia or with history of thyroidectomy, head injury, or on L-thyroxine therapy were excluded from study.
Socio-demographic data including age, gender, age of parents, occupation and education were collected. Informed consent was taken from the parents and also from the principals of the respective schools to collect the blood samples for estimating the thyroid hormone levels of the school children and administer the NIMHANS scale. Permission to conduct study was obtained from institutional ethics board.
Serum thyroxine (T 4 ), serum triiodothyronine (T 3 ) and thyroid stimulating hormone (TSH) was estimated in them using the RIA method. Based on the thyroid hormone levels the study population was classified into two groups: euthyroid and subclinical hypothyroid.
NIMHANS index for Specific Learning Disabilities (standardized scale-by NIMHANS) [8] was used to assess the learning ability and different aspects of cognitive functions of these children. The NIMHANS Index of SLD comprises test on language, arithmetic, visual-motor skills and memory. This data was collected by personal interview method. The number of mistakes made in each component of the index as well as the total number of mistakes made was recorded. This was used to correlate with their thyroid hormone levels. The number of mistakes in visual memory and auditory memory were added and was taken as one component-memory. Similarly the number of mistakes made in reading, spelling and comprehension was taken as the language component. The investigator administering NIMHANS scale was blinded to thyroid hormone levels.
We defined subclinical hypothyroidism as that grade of primary hypothyroidism in which there is an elevated thyroid-stimulating hormone (TSH) concentration more than 4.5 mIU/L, in the presence of normal serum thyroxine (T4) and triiodothyronine (T3) concentrations and Subclinical Hyperthyroidism as TSH < 0.17 mIU/L [9] .
Statistical Analysis
Data was analyzed using SPSS 18.0 (SPSS Inc., Chicago, USA.) A p value less than 0.05 was considered statistically significant. The descriptive statistics on SLD score were analyzed and expressed in median. Significance in differences in median values was done by Mann Whitney U test. The Spearman Rank correlation between the thyroid hormone levels (TSH, T3 and T4) in each group (euthyroid and subclinical hypothyroid) and the number of mistakes made in the NIMHANS index for SLD was calculated.
Statistical analysis of all the quantitative parameters such as scores relating to language, arithmetic, visualmotor skills and memory were summarized in terms of descriptive statistics such as mean, standard deviation. Student's t-test was employed to test for the difference in mean values between euthyroid and subclinical hypothyroid children. To express the relationship between the various thyroid hormone status such as T3, T4, TSH and different ability parameters (language, arithmetic, visual-motor skills and memory), both zero order correlation coefficient and partial correlation coefficient (controlled for age) were estimated.
Results
Out of the 100 school children, who formed the study population, 62 were girls and 38 were boys. There were 21 subclinical hypothyroid and 79 euthyroid children. There was no case of subclinical hyperthyroidism or any clinical manifestations of thyroid disorder.
Subclinical hypothyroid group made more mistakes when compared to the euthyroid group ( Table 1) . The descriptive statistics for the various ability parameters (language, arithmetic, visual-motor skills and memory) for the children with euthyroid and subclinical hypothyroid children has been presented in Table 2 . Children with subclinical hypothyroid status revealed higher mean score of 9.38 (language), 9.14 (arithmetic), 7.00 (visual-motor skills), 3.57 (memory) as compared to euthyroid children (8.67, 8.49, 6 .28, 3.25 respectively.) in mistakes made in all the parameters. Similarly median values were also higher in subclinical hypothyroid group in Language, arithmetic and visual-motor skills as compared to euthyroid children. However none of the p values were significant.
The parameters were compared in the two thyroid status groups according to gender and p values were significant in females in arithmetic ( Table 3) .
Further attempt was made to control the effect of age along with gender and partial correlation coefficient was estimated ( Table 4 ). The partial correlation coefficient values were found to be lower as compared to uncontrolled effect of age.
T3 levels in males correlated significantly with all the parameters in euthyroid group but only with language (0.036) in SCH.
T4 levels in males correlated significantly with all the parameters in euthyroid group (ranging from 0.83 -0.98) and in SCH group (0.972 -0.98) except in language in SCH, even after controlling for age. TSH and skill parameters in males did not correlate significantly in euthyroid and subclinical hypothyroid groups. In the females, in euthyroid and subclinical hypothyroid group, there was no significant correlation between T3 and ability parameters except in partial correlation coefficient among euthyroid children in arithmetic, visualmotor skills and memory.
There was statistically significant correlation between T4 and ability skills in girls of euthyroid and subclinical hypothyroid groups except in language.
Mean TSH in euthyroid group was 2.65 and in subclinical hypothyroid group was 5.58. There is no significant correlation between TSH and ability skills except in language after controlling for age in females.
Discussion
In our study the prevalence of subclinical hypothyroidism was 21%. The prevalence of subclinical hypothyroidism in South India was found to be 9.4% in earlier study [7] . The population reference range of TSH is around 0.4 -4.5 mIU/L and most patients with overt hypothyroidism have TSH above 10 mIU/L. We have taken 4.5 Miu/l as cut off value. However, several controversies surrounding the TSH reference range have surfaced in recent years.
We correlated serum T3, T4, TSH with adolescent`s performance on a learning disability scale. T3 and T4 showed significant correlation with the skills and TSH did not correlate with number of mistakes in both euthyroid and subclinical hypothyroid group. Children in subclinical hypothyroid group made more mistakes when compared to the children in the euthyroid group. Children with subclinical hypothyroid status revealed higher mean and median scores in mistakes made in all in all the four areas (language, arithmetic, visuospatial, memory) tested as compared to euthyroid children.
Earlier study by Wu et al. in American adolescents [6] showed that cognitive assessment scores on average tended to be lower in adolescents with subclinical hyperthyroidism and higher in those with subclinical hypothyroidism than the score for the euthyroid group. Almeida et al. [10] showed no difference in performance of the psychological tests between patients with subclinical hypothyroidism and without thyroid disease. Ayca et al. in their study [11] demonstrated that pediatric patients with SCH showed poor performance in tests measuring attention but no difference in intelligence. Similar study by Aijaz et al. [12] showed increase in attention deficit in SCH children but normal verbal and visual processing abilities.
Thyroid hormones are necessary for maturation of the brain and its functions throughout life and especially in certain windows of growth [13] [14] to enable timely migration of the cells. In the brain T3 is mostly derived from local T4 deiodination (D2 and D3).In thyroid deficiency, increased D2 activity maintains normal T3 concentration despite reduced T4 concentrations in brain. An important fact is that thyroid hormones are present in CSF at less than ten times the serum concentrations [15] . The findings of this study direct attention to the necessity to measure both T3 and T4 in addition to TSH in adolescents.
This study was the first of its kind done on adolescents in India. The high prevalence of subclinical hypothyroidism as found out by this study, as well as the fact that there are more adolescents in the high normal range of TSH reference range, calls out the need for a large study to find out the prevalence of these subclinical thyroid disorders in the Indian population
The limitation of our study is the relative small sample size of SCH children. The second limitation of this study was that only one blood sample value was taken and transient SCH or diurnal variation was not considered. We have not studied cognitive abilities after therapy in SCH children. There are contrary reports of treating SCH and the role of combined T3 and T4 administration in adolescents particularly needs to be studied [16] .
Conclusion
Further, more interventional studies relating to subclinical hypothyroidism and cognitive functioning which can throw light on the mild changes in cognition which may not be picked up by the usual cognitive tests, need to be done. This is especially important in India as adolescents who are in the threshold of higher studies, decreased cognitive function may be a determent to achieve high standard in academics.
